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1. . $X,$ $Y$ . , $X$ Borel $\mu$ $X\cross Y$
$\lambda$ i
$\mu 0\lambda(D)=\int_{X}\lambda$ ( $x$ , Dx) $\mu$ ( )
, [7] .
$\bullet$ , [7] ,
.




2. . X , $\mathcal{B}(X)$ X Borel $\sigma$- $\mathcal{P}(X)$
X Borel .
, Borel $*$ “ ” , $\tau$-
. , Borel $\mu$ $\tau$- ( $\tau$-smooth) , $X$
$\mathcal{F}$ $\mathcal{F}\downarrow$ , $\mu(F_{0})=\inf_{F\in F}\mu(F)$ . , $X$
(i) filtering downwards, i.e. $\forall A_{1},\forall A_{2}\in \mathcal{A}$ , $\exists A_{3}\in A$ s.t. $A_{3}\subset A_{1}\cap A_{2}$
* , .
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(ii) $\bigcap_{A\in A}A=A_{0}$





(Vakhania et al. [17; Proposition I.3.1] ). , Suslin (i.e.
Polish Hausdorff ) Borel Radon
(Schwartz [13; Theorem II.10 in Part I] ).
X , $P(X)$
$\mu\in \mathcal{P}(X)\mapsto\int_{X}f(x)\mu(dx)$ , $f\in C_{b}(X)$
. , $C_{b}(X)$ X
. (weak topology) , $\{\mu_{\alpha}\}\subset$
$\mathcal{P}(X)$ $\mu\in \mathcal{P}(X)$ (weak convergence) , $f\in C_{b}(X)$
$\lim_{\alpha}\int_{X}f(x)\mu_{\alpha}(dx)=\int_{X}f(x)\mu(dx)$
( , Prokhorov [11] ).
, $\mu_{\alpha}arrow^{w}\mu$ . $P_{\tau}(X)$ ,
(Tops$\emptyset e[15$ ; Theorem 11.2] ).
$X,$ $Y$ . $\lambda$ : $x\in X\mapsto\lambda_{x}(\cdot)\equiv\lambda(x, \cdot)\in \mathcal{P}(Y)$ , $\forall B\in \mathcal{B}(Y)$
, $x\in X\mapsto\lambda(x, B)$ Borel , $X\cross Y$ (transition
probability) . , $X\cross Y$ $\lambda$ , $\forall x\in X$ , $\lambda_{x}$ $\tau-$
, i.e. $\lambda_{x}\in \mathcal{P}_{\tau}(Y)$ , $\tau$- .
, $X$ , $Y$ . , $\mathcal{P}_{T}(Y)$
, , $X\cross Y$ , “ ” “
” :
$X\cross Y$ $\tau$- $\lambda$ (uniformly continuous) ,
$x\in X\mapsto\lambda_{x}(\cdot)\in P_{\tau}(Y)$ X . X $\cross Y$
$\tau$- $U(X,\mathcal{P}_{\tau}(Y))$ . , $Q\subset U(X,\mathcal{P}_{\tau}(Y))$
(uniformly equicontinuous) , $x\in X\mapsto\lambda_{x}(\cdot)\in \mathcal{P}_{\tau}(Y)$
$\{\lambda_{x}.:\lambda\in Q\}$ X . ,
:
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1 (Propositions 1 and 2 of [7]). $\mu\in \mathcal{P}(X)$ $\lambda\in U(X, \mathcal{P}_{\tau}(Y))$ ,
$\mu 0\lambda$ $X\cross Y$ Borel
$\mu 0\lambda(D)=\int_{X}\lambda(x, D_{x})_{l}\ell(dx)$ for all $D\in \mathcal{B}(X\cross Y)$
. , $\mu$ $\tau$- , $\mu 0\lambda$ $\tau$- . , $D\subset X\cross Y$
, $D_{x}$ $D$ $x$ , $ie$ . $D_{x}=\{y\in Y:(x, y)\in D\}$ .
1. 1 , $\lambda$ , i.e. $x\in X\mapsto\lambda_{x}(\cdot)\in P_{\tau}(Y)$ X
. , $X\cross Y$ $\tau$- $\lambda$
, $U\subset X\cross Y$ , $x\in X\mapsto\lambda(x$ , U X
.
2. $\mu\in \mathcal{P}(X)$ $\lambda$ , $\mu 0\lambda$ $\sigma$- $\mathcal{B}(X)\cross$
$\mathcal{B}(Y)$ . , $\mathcal{B}(X)\cross \mathcal{B}(Y)\subset\neq$
$\mathcal{B}(X\cross Y)$ , $\mu 0\lambda$ $\mathcal{B}(X\cross Y)$ . ,
1 , $\lambda$ ( , ) $\tau$-
, $\mu 0\lambda$ $\mathcal{B}(X\cross Y)$ , Borel $\mu 0\lambda$
.
1 $\mu 0\lambda$ , $\mu$ $\lambda$ (compound proba-
bility) . $\mu 0\lambda$ Y $\mu\lambda$ . , $\mu\lambda(B)=\mu 0\lambda(X\cross B)$
for all $B\in \mathcal{B}(Y)$ .
, .
, 4 Gauss .
1. $X,$ $Y$ , $\{\nu_{\alpha}\}\subset \mathcal{P}_{\tau}(Y)$ . $\alpha$
$\lambda_{\alpha}(x,B)=\nu_{\alpha}(B)$ for all $x\in X$ and all $B\in \mathcal{B}(Y)$
, $\{\lambda_{\alpha}\}\subset U(X,\mathcal{P}_{\tau}(Y))$ .
2. $G$ , $\{\nu_{\alpha}\}\subset P_{\tau}(Y)$ . $\alpha$
$\lambda_{\alpha}(x, B)=\nu_{\alpha}(x^{-1}B)$ for all $x\in X$ and all $B\in \mathcal{B}(G)$
37
, $\{\lambda_{\alpha}\}\subset U(G, \mathcal{P}_{\tau}(G))$ , $G$ .
3. $T,$ $Y$ , $(\Omega, A, P)$ . $B(T)\cross A$- , $\tau$- ,
$Y$ $Z_{\alpha}(t, \omega),$ $t\in T,$ $\omega\in\Omega$ . i.e. $Z_{\alpha}(t, \omega)$
$\tau$ , $\forall\epsilon>0$ $\forall$ $V$ on $Y$ , $U$ on $T$ st. $(t_{1}, t_{2})\in U$
$P(\{\omega\in\Omega$ : $(Z_{\alpha}(t_{1},\omega),$ $Z_{\alpha}(t_{2},\omega))\in V\})>1-\epsilon$ for all $\alpha$ .
, $\alpha$
$\lambda_{\alpha}(t, B)=P(\{\omega\in\Omega$ : $Z_{\alpha}(t,\omega)\in B\})$ for all $t\in T$ and all $B\in \mathcal{B}(Y)$
, $\{\lambda_{\alpha}\}\subset U(T, \mathcal{P}_{\tau}(Y))$ .
3. . X, $Y$ , $X\cross Y$ $\tau$-
$C(X, \mathcal{P}_{\tau}(Y))$ . $Q\subset C(X, \mathcal{P}_{\tau}(Y))$
, 2 . , [7]
, :
2 (Theorem 1 of [7]). $X$ - , $Y$ ,
$\{\lambda_{\alpha}\}\subset C(X,\mathcal{P}_{\tau}(Y))$ 3
(a) $\{\lambda_{\alpha}\}$ X
(b) $x\in X$ , $\{\lambda_{\alpha}(x, \cdot)\}$
(c) $\exists\lambda\in C(X,\mathcal{P}_{\tau}(Y))$ s.t. $\lambda_{\alpha}(x, \cdot)arrow^{w}\lambda(x, \cdot)$ for every $x\in X$
. , $\mu_{\alpha}arrow^{w}\mu\in P_{\tau}(X)$ $\{\mu_{\alpha}\}\subset \mathcal{P}_{\tau}(X)$
, $\mu_{\alpha}0\lambda_{\alpha}arrow^{w}\mu 0\lambda$ .
, X $k$ - , X , “X
$K$ $A\cap K$ X A ,
” . , 1 ( ,
) - (Kelley [10] ). , $A\subset \mathcal{P}(X)$ (uniformly
tight) , $\forall\epsilon>0$ , $K_{\epsilon}s.t$ . $\mu(K_{\epsilon})\geq 1-\epsilon$ for
all $\mu\in A$ .
, 2 , .
:2 X, $Y$ , $\pi_{X}$ : $X\cross Yarrow X,$ $\pi_{Y}$ : $X\cross Yarrow Y$
38
. , $\gamma\in \mathcal{P}(X\cross Y)$ , $\pi_{X}(\gamma)(A)=\gamma(\pi_{X}^{-1}(A))$






1. $X,$ $Y$ , $\{\gamma_{\alpha}\}\subset \mathcal{P}(X\cross Y)$ . ,
$\pi_{X}(\gamma_{\alpha})arrow^{w}\mu\in \mathcal{P}_{\tau}(X)$ $\pi_{1’}(\gamma_{\alpha})arrow^{w}\nu\in \mathcal{P}_{\tau}(Y)$ , $\{\gamma_{\alpha}\}$
, $\mu,$ $\nu$ $\gamma\in \mathcal{P}_{\tau}(X\cross Y)$ .
3. , $\mu,$ $\nu$ Radon (Hoffmann-
Jrgensen [5] $)$ . , $\tau$- , Radon
,
. , $\tau$- Radon (cf Varadarajan [18]),
1 Radon .
, 2 [7] Ascoli . , $X$ -
(b) , 1 ,
Q.) , 2 :
1. X, $Y$ , $\{\lambda_{\alpha}\}\subset C(X, \mathcal{P}_{\tau}(Y))$ 2
(a) $\{\lambda_{\alpha}\}$ X
(b) $\exists\lambda\in C(X,\mathcal{P}_{\tau}(Y))$ s.t. $\lambda_{\alpha}(x, \cdot)arrow^{w}\lambda(x, \cdot)$ for every $x\in X$
. , $\mu_{\alpha}arrow^{w}\mu\in \mathcal{P}_{\tau}(X)$ $\{\mu_{\alpha}\}\subset \mathcal{P}(X)$
, $\mu_{\alpha}0\lambda_{\alpha}arrow^{w}\mu 0\lambda$ .
, 1 , 2
. , $X,$ $Y$ ,
, 1 $\{\mu_{\alpha}\}$ :
2 (Theorem 1 of [8]). $X,$ $Y$ , $\{\lambda_{\alpha}\}\subset U(X,\mathcal{P}_{\tau}(Y))$
39
2(a) $\{\lambda_{\alpha}\}$
(b) $\exists\lambda\in U(X, \mathcal{P}_{\tau}(Y))$ s.t. $\lambda_{\alpha}(x, \cdot)arrow^{w}\lambda(x, \cdot)$ for every $x\in X$
. , $\mu_{\alpha}arrow^{w}\mu\in \mathcal{P}_{\tau}(X)$ $\{\mu_{\alpha}\}\subset \mathcal{P}(X)$
, $\mu_{\alpha}0\lambda_{\alpha}arrow^{w}\mu 0\lambda$ .
:
, X, $Y$ , $X\cross Y$ (channel)
, $x\in X$ $\lambda$ , ,
, $x$ $y$ $B\subset Y$ , $\lambda(x, B)$
. , $x\in X$ $\mu\in \mathcal{P}(X)$ ,
$\lambda$ $\mu\lambda\in \mathcal{P}(Y),$ $\mu 0\lambda\in \mathcal{P}(X\cross Y)$
, , . , 2
$\lambda$ , (resp. )
$\mu\in \mathcal{P}_{\tau}(X)\mapsto\mu 0\lambda\in \mathcal{P}_{\tau}(X\cross Y)$ $($ resp. $\mu\in P_{\tau}(X)\mapsto\mu\lambda\in \mathcal{P}_{\tau}(Y))$
. , 2 $\mu_{1}$ ,
$\mu_{2}$ , $\mu_{1}\lambda,$ $\mu_{2}\lambda$ $\mu_{1}0\lambda,$ $\mu_{2}0\lambda$
. , ,
$H(\mu$ ,
$I(\mu, \lambda)=H(\mu 0\lambda, \mu\cross\mu\lambda)$
, 2 , (Donsker
and Varadhan [3] ) , $\lambda$ ,
:
$\mu_{\alpha}arrow^{w}\mu$
$\lim_{\alpha}\inf I(\mu_{\alpha}, \lambda)\geq I(\mu, \lambda)$
. , (Umegaki
[16] ).
. , $X,$ $Y$ Suslin , Borel
R don , $\tau$- , 2 $\tau$-
, :
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1(Corollary 1 of [8]). $X,$ $Y$ Suslin , $\{\lambda_{\alpha}\}\subset U(X,\mathcal{P}(Y))$
2
(a) $\{\lambda_{\alpha}\}$
(b) $\exists\lambda\in U(X,\mathcal{P}(Y))$ s.t. $\lambda_{\alpha}(x, \cdot)-warrow\lambda(x, \cdot)$ for every $x\in X$
. , $\mu_{\alpha}arrow^{w}\mu\in \mathcal{P}(X)$ $\{\mu_{\alpha}\}\subset \mathcal{P}(X)$
, $\mu_{\alpha}0\lambda_{\alpha}arrow^{w}\mu 0\lambda$ .
2 , .
$\nu\in \mathcal{P}_{\tau}(Y)$
$\lambda(x, B)=\nu(B)$ for all $B\in \mathcal{B}(Y)$
, $\mu 0\lambda=\mu\cross\nu$ 2 1 ,
:
2(Corollary 3 of [8]). $X,$ $Y$ , $\{\mu_{\alpha}\}\subset \mathcal{P}(X),$ $\{\nu_{\alpha}\}\subset P_{\tau}(Y)$
$\mu_{\alpha}arrow^{w}\mu\in \mathcal{P}_{\tau}(X),$ $\nu_{\alpha}arrow^{w}\nu\in P_{\tau}(Y)$ . , $\mu_{\alpha}\cross\nu_{\alpha}arrow^{w}$
$\mu\cross\nu$ .
4. , X. $Y$ Billingsley [1] ,
Vakhania et al. [17] . , “
$\mu_{\alpha}arrow^{w}\mu$ , $A$ , $\mu_{\alpha}(A)arrow\mu(A)$
” , .
$X=Y=G$ ( $G$ ) , $\nu\in \mathcal{P}_{\tau}(Y)$
$\lambda(x, B)=\nu(x^{-1}B)$ for all $x\in X$ and all $B\in \mathcal{B}(Y)$
, $\mu\lambda=\mu*\nu$ , 2 2 ,
Csisz\’ar[2] :
3 (Corollary 2 of [8]). $G$ , $\{\mu_{\alpha}\}\subset \mathcal{P}_{\tau}(G),$ $\{\nu_{\alpha}\}\subset \mathcal{P}_{\tau}(G)$
$\mu_{\alpha}arrow^{w}\mu\in$ (G), $\nu_{\alpha}arrow^{w}\nu\in P_{\tau}(G)$ . , $\mu_{\alpha}*\nu_{\alpha}arrow^{w}$
$\mu*\nu$ .




$(X, A)$ , $\Psi$ Fr\’echet Fr\’echet
, $\Psi_{\beta}’$ $\Psi$ . $X\cross\Psi_{\beta}’$ $\neq$ $\lambda$ , $x\in X$
, $\lambda_{x}$ $\Psi’$ Gauss , Gauss Gauss
, Gauss
$m(x, u)= \int_{\Psi_{\beta}},\eta(u)\lambda(x, d\eta)$ , $x\in X$ and $u\in\Psi$
$s(x,u, v)= \int_{\Psi_{\beta}’}\{\eta(u)-m(x, u)\}\{\eta(v)-m(x,v)\}\lambda(x, d\eta)$ , $x\in X$ and $u,$ $v\in\Psi$
. , $\lambda=\mathcal{T}\mathcal{N}[m,$ $s^{2}]$ . , $s^{2}(x, u)=$
$s(x,$ $u$ , . Schaefer [12], It\^o
[6], Yamasaki [19] , .
$R^{N}$ $N$ , $u=(u_{1}, u_{2}, \cdots,u_{N}),$ $v=(v_{1}, v_{2}, \cdots, v_{N})\in R^{N}$
, $\langle u,$ $v)=u_{1}v_{1}+u_{2}v_{2}+\cdots+u_{N}v_{N},$ $\Vert u\Vert=\sqrt{\langle u,u\rangle}$ . , $\mathcal{L}(R^{N})$
$N\cross N$ . , $N$ ) $\Vert A\Vert_{0}=$
$\sup_{u\in R^{N}}\Vert Au\Vert/\Vert u\Vert$ , Banach . , $\Psi=R^{N}$
, $X\cross R^{N}$ Gauss $\lambda=\mathcal{T}\mathcal{N}[m, s^{2}]$ , $m:Xarrow R^{N}$
$S$ : $Xarrow \mathcal{L}(R^{N})$
$m(x,u)=\langle m(x),u\rangle$ and $s(x, u, v)=\langle S(x)u,v\rangle$ for all $x\in X$ and all $u,$ $v\in R^{N}$
. , $\Psi=R^{N}$ , $\lambda=\mathcal{T}N[m, S]$ (
, Hille and Phillips [4; page 74] ).
$\lambda$ $X\cross R^{N}$ . , $x\in X$ , $\lambda_{x}$ $R^{N}$
,
$\hat{\lambda}_{x}(u)=\int_{R^{N}}e^{i(u_{2}v\rangle}\lambda(x, dv)$, $x\in X$ and $u\in R^{N}$




1(Proposition 1 of [8]). $X$ , $\mathcal{U}$ . $-X\cross R^{N}$
$Q$ , $\forall\epsilon>0$ $\forall$
K $\subset$ RN , $\exists U\in \mathcal{U}$ s.t.
$(x_{1}, x_{2})\in U$ $\sup_{u\in K}|\hat{\lambda}_{x_{1}}(u)-\hat{\lambda}_{x_{2}}(u)|\leq\epsilon$ for all $\lambda\in Q$
.
1 Gauss , :
4 (Corollary 4 of [8]). $X$ , $X\cross R^{N}$ Gauss $\lambda=$
$\mathcal{T}\mathcal{N}[m_{\lambda}, S_{\lambda}]$ $Q$ . $u\in R^{N}$ ,
$\{\{m_{\lambda}(\cdot),u\rangle\}$ $\{\{S_{\lambda}(\cdot)u, u\}\}$ X , $Q$
.
2 4 , $Y=R^{N}$ , :
3. X . $\lambda_{\alpha}=\mathcal{T}\mathcal{N}[m_{\alpha}, S_{\alpha}],$ $\lambda=\mathcal{T}\mathcal{N}[m, S]$ $X\cross R^{N}$ Gauss
, 2 :
(a) $u\in R^{N}$ , $\{\langle m_{\alpha}(\cdot), u\rangle\}$ $\{\langle S_{\alpha}(\cdot)u, u\rangle\}$ X
.
(b) $x\in X$ $u\in R^{N}$ , $\lim_{\alpha}\langle m_{\alpha}(x),$ $u\rangle=\langle m(x),$ $u\rangle$ $\lim_{\alpha}\langle S_{\alpha}(x)u,$ $u\rangle=$
$\langle S(x)u,$ $u\rangle$ .
, $\mu_{\alpha}arrow^{w}\mu\in P_{\tau}(X)$ $\{\mu_{\alpha}\}\subset \mathcal{P}(X)$ , $\mu_{\alpha}0\lambda_{\alpha}arrow^{w}$
$\mu 0\lambda$ .
X $=\Phi_{\beta}’$ ( $\Phi$ Fr\’echet Fr\’echet ),
$Y=\Psi_{\beta}’$ , , :
4(Theorem 2 of [8]). $\lambda_{n}=\mathcal{T}\mathcal{N}[m_{n}, s_{n}^{2}](n\geq 1),$ $\lambda=\mathcal{T}\mathcal{N}[m,s^{2}]$ $\Phi_{\beta}’\cross\Psi_{\beta}’$
Gauss , 2 (a), (b) :
(a) $u\in\Psi$ , $\{m_{n}(\cdot,u)\}$ $\{s_{n}(\cdot,u)\}$ $\Phi_{\beta}’$
.
(b) $\xi\in\Phi’$ $u\in\Psi$ , $\lim_{narrow\infty}m_{n}(\xi,u)=m(\xi$ , $\lim_{narrow\infty}s_{n}(\xi, u)=$
$s(\xi, u)$ .
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, $\mu_{n}arrow^{w}\mu\in \mathcal{P}(\Phi_{\beta}’)$ $\{l^{t_{n}}\}\subset \mathcal{P}(\Phi_{\beta}’)$ , $\mu_{n}0\lambda_{n}arrow^{w}\mu 0\lambda$
.
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